ABSTRACT. The fluorescent dyes, rhodamine 6G and 123, which specifically stain mitochondria, were used to examine changes in mitochondria that follow malignant transformation. The spatial distribution and shapes of mitochondria differ in untransformed and malignant-transformed cells. In untransformed C3H/10T1/2 clone 8 cells, the mitochondria were distributed radially around the nucleus, and each had a fibrous shape. In chemically transformed MCA clone 16 cells, the mitochondria were distributed randomly in the cytoplasm, and each was shaped like a short rod. Another important mitochondrial change after malignant transformation was the change in the time course of fluorescence emission from the rhodamine present in the mitochondria. A slow increase in fluorescence, which was instantaneous at the time of excitation irradiation occurred in untransformed but not in transformed cells. This slow fluorescence emission, peculiar to untransformed cells was affected by proton ionophore but not by calcium ionophore treatment. The difference in the time courses of fluorescence emission for untransformed and transformed cells may reflect differences in the quenching of the dye fluorescence. The data reported provide evidence that mitochondria are affected by malignant cell transformation.
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Mitochondria are the main energy source in the cell ; therefore, they are important in malignant transformation because tumor cells require a large amount of energy for rapid proliferation. Because tumor tissues appear to have defective respiration and abnormally high rates of glycolysis (42) , investigators have attempted to obtain direct evidence that the morphological and metabolic characteristics of tumor mitochondria, especially those of rapidly proliferating tumor cells, differ from those characteristics of normal cells (31, 43) . Differences between tumor and normal cell mitochondria recently have been reported for adenine nucleotides effluxes from mitochondria (22, 24) , for glutamine oxidation pathways (25, 29, 32) , and for the natural ATPase inhibitor content (26) . During transformation by Rous sarcoma virus, the rate of mitochondrial DNA replication in chick embryo fibroblasts is increased (6, 7) . Therefore, it has been suggested that mitochondria may be the main target in carcinogenesis (1, 3, 30, 43) and in Rous sarcoma virus transformation (6, 7) .
Recently, Johnson et al. (17) succeeded in observing the mitochondria of living cultured cells by staining the cells with the fluorescent dye, rhodamine 123. It also has been reported that mitochondria stained by rhodamine 123 are visible only in living cells (8) and that the fluorescence produced by this dye is altered because of the transmembrane potential of the mitochondria (18) . Use of this fluorescent rhodamine 123 has produced a novel method for observing the spatial distribution of the mitochondria and for monitoring their membrane potentials in vivo. Consequently, differences in mitochondria and differences in the mitochondrial membrane of tumor and normal cells can be observed in situ by combining rhodamine staining with fluorescent microscopy.
To clarify the differences in the mitochondrial characteristics of tumor and normal cells in situ, we used a mouse embryo fibroblast line, C3H/10T1/2 clone 8 (10T1/2), as the normal cells and its 3- concentration (data not shown). Exposure to excitation light for a few minutes diffused the mitochondria-staining dye (6G or 123) into the cytoplasm, so that the outline of the fluorescent mitochondria became indistinct as irradiation time increased (Fig. 3a, b) . The viability of rhodamine-treated cells was examined by the ethidium bromide-staining method reported by Cohen et al. (5) . Few ethidium bromide-stained nuclei were observed during the first 30 min in both the rhodamine 6G-and 123-treated cells. This confirmed that rhodamine was not cytotoxic during the short staining period used in our experiment.
Time course of fluorescence emission. During continuous excitation by light irradiation, the fluorescence of the rhodamine 6G in each mitochondrion of the 10T1/2 cells increased in intensity, with superimposed visible fluctuations, reached decreased as the incubation time increased, and some cells of both the 10T1/2 and MCA CL 16 lines peeled off during the washing out of A23187. Table 2 shows the changes produced in the fluorescence parameters by ionophores. For 10T1/2 cells, td was decreased by treatment with FCCP, but restored when the drug was washed out. With MCA CL 16 cells, td also was decreased by FCCP, but (Fig. 6 ) from the complex increase-decrease and plateau-decrease to a simple decrease upon treatment with FCCP suggests that the dye molecules normally are held in the mitochondrial membrane, their constraint being released by proton ionophores. Rhodamine dyes may accumulate in the mitochondrial membrane like cyanine dyes, as proposed by Johnson et al. (18) , Cohen et al. (5) and Yoshikami and Okun (44) . If this is true, rhodamine dyes would accumulate there in a hyperpolarizing condition by making a dimer, and their fluorescences would then be diminished by quenching (20, 36) .
Decay of fluorescence under constant excitation in an aqueous solution is simple noninflected decay from V0 (Fig. 6) . When rhodamine dye molecules are highly concentrated in the membrane, the absolute value of the fluorescence intensity will be reduced due to quenching, with no change in the decay time constant. If membranebound dye molecules are exuded from the membrane and diffused by irradiation; e.g., because of injury by excited dye molecules (9, 27) , the fluorescence intensity will gradually increase because dye molecules are released from the quenched state and, after reaching a peak, the intensity will decay exponentially. This is the pattern observed for the 10T1/2 cells (Fig. 4a) .
In a recent study of rhodamine 123 on isolated rat liver mitochondria, Emaus et al. (11) reported that rhodamine uptake and fluorescence quenching occurred following mitochondrial energization, and depended especially on the mitochondrial membrane potential. It also has been suggested that membrane potential-independent uptake of rhodamine 123 functions in the selective staining of mitochondria (39) . Although the factors that control rhodamine 123 uptake and quenching in the mitochondria of living cells are as yet unknown, our results indicate that fluorescence quenching occurs in the mitochondria of living 10T1/2 cells. The difference in quenching in 10T1/2 and MCA CL 16 cells may reflect differences produced by the alteration of mitochondria after malignant cell transformation.
Our morphological observations showed that the mitochondria in 10T1/2 cells were distributed radially around the nucleus, whereas those in MCA CL 16 cells were distributed randomly in the cytoplasm (Fig. 1, 2) . Johnson et al. (17) and BrouthyBoye et al. (4) have reported on the cytoskeletal structures of cultured cells observed without fixation by using rhodamine 123 to stain the mitochondria associated with the cytoskeleton. Differences in the distribution of mitochondria may reflect cytoskeletal alterations caused by malignant transformation because microtubules and intermediate filaments are known to codistribute with mitochondria (38, 41) . Rous sarcoma virus-transformed fibroblasts have been reported to deplete ordered microfilamental structures and microtubular arrays (10) . Our present data indicate that the cytoskeleton of MCA CL 16 cells also may be disordered by chemical transformation. In addition after malignant transformation we observed shape changes of mitochondria from fibrous to short rod-like forms, but we can not be sure what caused these changes.
Alterations in the uptake and retention of rhodamine by mitochondria during malignant transformation have been reported (19, 37) . We have shown that these alterations can be monitored for individual mitochondria by using continued excita-tion light irradiation.
